Effects of 3 industrial activities on the concentrations of toxic metals (Cd, Cr, Ni and Pb) and micro-nutrients elements (Fe, Cu, Zn and Mn) in the leaves of 2 and 4 years old Ziziphus trees grown closed to these industrial areas were studied during March 2013. The highest Cd, Cr, Ni and Pb concentrations in the Ziziphus leaves were found in the trees closed the paints, chemical and paper industrial sectors with values of 4.56, 8.69, 6.15 and 48.47 mg/kg, respectively, while the trees in the control area had 1.09, 1.16, 1.34 and 6.27 mg/kg, respectively. The sector of mineralization, plastic and building materials was the highest in Fe, Cu, Zn and Mn emission pollutants accumulated and absorped by the tree leaves. The 4-years old tree leaves were significantly higher than the 2-years old tree in all studied toxic and micro-nutrients elements.
Introduction
Industrial air pollutants are very dangerous and serious on plant, animal and human in the world. Industrial emissions in air are the main source of air pollution. Many studies indicated serious effects on the plants grown near the industrial factories (Silvola, 1975; Bagatto & Shorthouse, 1991; Shevtsovas, 1998; Malkonen et al., 1999) . Most pollutants of heavy metals are the mineralization, paints, dyes, chemicals and paper industries (Zayed & Terry, 2003) .
The highest heavy metals concentration in the tree leaves were found in the leaves of the trees near the industrial factories and they were (120±5.4 Pb), (2.6±0.56 Zn), (35±5.7 Ni) and (3.9±0.2 Cr) was found by Al-Khlaifat and Al-Khashman (2007) . The type of the industry significantly affects the type and concentrations of pollutants in the nearest plants (Uhlig et al., 2001 and Monni et al., 2000) . The toxicity of heavy metals on the plants depends on the plant species, age and element chemical composition and concentration (Nagajyoti et al., 2010) . Significantly reducing in photosynthetic rate and chlorophyll content in plant leaves as a result of the pollution with Cu, Ni, Cd and Pb was observed by (Becerril et al., 1989; Angelova et al., 1993; Bishnoi et al., 1993; Pandolfini et al., 1996) .
High percentages of Ni, Cu, Zn, As and Cd are emitted from industrial metallurgical processes. Exhaust emissions from gasoline may contain variable quantities of Ni, Cd, Zn and Pb (Samara et al., 2003) . Trees are very efficient at trapping atmospheric particles (Mingorance & Rossini, 2006) . Trace elements air pollution leads to physiological disturbance in plants and affects the biological balance and stability of their habitats (Verma & Singh, 2006) . Air industrial pollution affects structural leaf properties and lead to lower photosynthesis (Pourkhabbaz et al., 2010) . Trees are very efficient in trapping atmospheric particles, mostly on their foliage (Peachey et al., 2009; Qiu et al., 2009 ).
The aim of this study is to investigate the effects of different industrial sectors air pollutants on heavy metals contents of 2 ages Ziziphus trees closed Jeddah industrial zone.
Material and Methods
This study was conducted on the Ziziphus trees (Ziziphus jujuba) grown around the industrial sectors in the industrial zone of Jeddah and the control location (non polluted) was the Agricultural Research Station, Hada Al-Sham, King Abdulaziz University at a distance of 120 km north-east of Jeddah city Saudi Arabia. Three sectors of industrial activities as their distribution and concentration in the industrial zone of Jeddah was studied (Table 1) as sources of air pollutants accumulated and absorbed by closed Ziziphus trees of 2 and 4 years old. Paints, Chemical and paper
Experimental Design
Factorial experiments in a completely randomized design with 4 replications was used, where the industry sector and tree age were the studied factors.
Sampling
Two random samples of leaves of the center position of the 3 rd branch of the studied trees with 10 leaves were collected as a sample size from each of the 32 trees in the experiment.
Heavy Metals Determination
Heavy metals concentrations of cadmium (Cd), chromium (Cr), Nickel (Ni), Lead (Pb), Ferric (Fe), Cupper (Cu), Zinc (Zn) and Manganese (Mn) were determined in the leaf samples according to Chapman and Pratt (1961) using ICP Optical Emission Spectrometer Model Varian 720-Es. Sampling time was done at the end of March, 2013 (this date is the end of the active working of the industrial factories in Jeddah).
Statistical Analysis
Statistical analysis of the obtained data were statistically analyzed through analysis of variance and mean separation procedures after the assumption of the analysis of variance were tested and applied according to El-Nakhlawy (2010) using SAS (2006).
Results and Discussion

Effect of Industry Sectors
Toxic Metals
Means ± SD of toxic metals (Cd, Cr, Ni and Pb) and micronutrients (Fe, Cu, Zn and Mn) of the Ziziphus leaves under the effects of the 3 studied industry sectors emissions and the non-polluted site (control) were statistically compared by LSD (0.05) and presented in Table 2 .
The highest concentrations of the Cd, Cr, Ni and Pb in the Ziziphus leaves were showed under the effect of the 3 rd sector (paints, chemicals and paper) with values of 4.56, 8.6, 6.15 and 48.47 mg/kg followed by the 2 nd sector (plastic, mineralization and building materials),with significant difference. According to the toxic metals standards and their toxicity in plants as estimated by European Union (EU 2000) , the concentrations of Cr, Ni and Pb in tree leaves in the 2 nd and 3 rd sectors were laid in the toxicity range. Food sectors (sector 1) was significantly lower than the 2 nd sector in Cd, Cr, Ni and Pb. Leaf contents from these elements were 1.71,1.93, 2.17 and 20.74, respectively in the sector 1.The unpolluted area (control) was significantly lower than the 3 industry sectors in the 4 toxic elements in the Ziziphus leaves. Hada Al-Sham (control) Ziziphus leaves had around 24, 13, 22, and 13% from the Cd, Cr, Ni and Pb, respectively from the sector 3 leaf contents. The significance differences between the 3 industrial sectors might be due to the type of their industries and their emissions according to the type of industry and energy power used, accordingly the food industry effect was the lowest but all industrial sectors produced significant values from the 4 toxic metals higher than the control area (Zayed & Terry, 2003 , Al-Khlaifat & Al-Khashman, 2007 , Uhlig et al., 2001 Samara et al., 2003) . ± SD: ± standard deviation.
Industry sector: 1: food sector, 2: plastic, mineral formatting, isolated materials and building materials, 3: paints, chemicals and paper, Control: no polluted area (Hada Al-Sham Agric. Res. Sta.).
Micro-Nutrients
Statistically comparisons between the micro-nutrients (Fe, Cu, Zn and Mn) in Ziziphus leaves under the effects of the industry sectors and control (Table 3) indicated that the highest pollutants in the tree leaves were showed under the 2 nd sector followed by the 3 rd sector, then the 1 st sector, while the lowest was the control site. Micro-nutrients concentrations in the leaves in the 2 nd sector were 788, 17.36, 32.62 and 89.94 mg/kg, while under the control were 115, 1.78, 5.16 and 14.41 mg/kg for Fe, Cu, Zn and Mn, respectively, as shown in Table 3 .
Type of industry activities in the 2 nd sector included the mineralization, plastic and building materials reflected the highest emission from the 4 micro-nutrients and the rate of their accumulation and absorbation in the plant leaves (Meerabai et al., 2012; Qiu et al., 2009; Sridhar et al., 2007; Uhilg et al., 2001; Monni et al., 2001 ). ± SD: ± standard deviation.
Effect of Tree Age
Toxic Metals
As shown in Table ( 3) the highest and significant Cd, Cr, Ni and Pb concentrations in Ziziphus leaves were found in the 4-years old plants. The 4 toxic metals concentrations of the 4 years-old were 3.66, 5.77, 4.65 and 34.52 mg/kg, respectively. The concentrations in the 4 years old tree leaves were higher than their concentrations in the 2 years-old trees by around 214, 168, 171 and 149%, respectively. These results indicated the high accumulation of the 4 toxic metals on the tree leaves during 4 years, besides the absorbtion rate of these pollutants through the stomata during the plant age (Meerabai et al., 2012; Nagajyoti et al., 2010; Mingorance and Oliva, 2006; Qiu et al., 2009 
Micro-Nutrients
Accumulation and absorption of the micro-nutrients on and in the Ziziphus tree leaves of 2 and 4 years old resulted in the micro-nutrients concentrations of 2 and 4 years old leaves are presented in Table 3 . Significant differences were found between the 2 and 4 years old trees in their contents from micro-nutrients. The 4 years old trees had 538, 16.09, 20.70 and 60.89 mg/kg from Fe, Cu, Zn and Mn, respectively, compared with 248, 3.79, 13.53 and 34.46 mg/kg, respectively in the 2 years old tree leaves.
The old trees received, absorbed and trapped more micro-nutrients emissions during the 4 years old than the 2 years old trees (Mingorance & Oliva, 2006 , Qiu et al., 2009 Nagajyoti et al., 2010; Gostin, 2009; Meerobi et al., 2012) . ± SD: ± standard deviation.
Conclusion
High toxic metals and micro-nutrients pollutants were accumulated and absorbed in the Ziziphus tree leaves during its grown closed the industry activities. The highest Cd, Cr, Ni and Pb concentrations were found in the leaves of the trees closed the sectors of paints, chemicals and paper, while the highest concentrations of Fe, Cu, Zn and Mn were showed in the leaves of Ziziphus trees closed the mineral formatting, plastic and building materials sectors.
The lowest heavy metals concentrations in the industrial areas ere found in the trees closed the food industries sector. In all industrial sectors, the pollutant concentration in the leaves was higher than in the control area. The 4 years old Ziziphus trees accumulated and absorbed around 2 times or more from the heavy metals. As a result of the high heavy metals accumulated and absorbed by Ziziphus leaves, it can recommend to use these trees as a phytoremediator of heavy metals, especially in the industrial zones. Acknowledgment 
